The interpretation of single-locus DNA profile evidence in criminal cases in normally performed using an assumption of independence of frequencies of alleles at different loci. The critical parameter is the probability of a suspect matching a criminal's DNA profile by chance. Many authors have been concerned that the assumption of linkage equilibrium may be inaccurate and that the strength of evidence against suspects may be thereby exaggerated. Some have calculated the maximum size of this effect. What matters, however, is not the upper bound of what the true probability might be, but what the actual probability is in a subdivided population. By calculating this, one can show that the effect of population subdivision on the strength of DNA profile evidence is very minor.
Introduction
In many criminal cases, DNA is extracted from a blood or semen stain found at the scene of the crime and blots of the DNA are sequentially probed with a series of minisatellite probes (Wong et a!., 1986 (Wong et a!., , 1987 . These probes reveal individual minisatellite loci, and thus normally two heterozygous bands or alleles. The profiles thus generated can be compared with those from a suspect, and, if a match is obtained, this constitutes evidence against him. The strength of the evidence is given by the likeithood ratio, which is the probability of obtaining a match if the DNAs are derived from the same source, divided by the probability if the DNAs are from different sources. As the first probability is essentially one, the crucial parameter is the probability of a chance match. If k probes are used and thus k genetic loci detected, and if all are heterozygous in the scene-of-crime stain, then the probability that a random man from the population would match by chance is normally calculated to be Here the p, values are the population frequencies of the 2k alleles observed in the scene-of-crime profile. They correspond not to well-defined allelic frequencies but rather the summed population frequencies of bands which fall sufficiently close to the scene-of-crime profile bands to be declared to match. The width of the window of bands thus included depends on the measurement error of band sizes. This equation thus assumes that alleles are independent, i.e. in linkage equilibrium. Many authors [e.g. Lander (1989) , Cohen (1990) and Nicholls & Balding (1991) ] have pointed out that if the population is divided into subpopulalions, the probability calculated using equation (1) will usually be too small and thus the suspect may be falsely incriminated. This is undoubtably true but the important statistic is the quantitative effect of this problem, particularly in an environment in which matches are far more likely to arise from laboratory errors than from true chance matches between individuals (Hagerman 1990 ). Cohen (1990) an FST value of 0.05, then the probability of a match will be given by 2[pf+ FsT(l Pi)1[Pm + FST(l Pm)} where p1 and Pm are the frequencies in the population as a whole of alleles derived from father and mother respectively. The inclusion of a 0.05 value for F1, and 0.01 for Pi and Pm causes a 35-fold change in the calculated probability relative to that if FST was 0.0. This is at a single locus and other loci will further increase the ratio. These authors suggest that, because it is possible that the criminal and suspect are both drawn from the same subpopulation, in which case they would show such a high FST value, then a probability calculated in this way, which would be an upper bound of the true probability, should be used for conservativeness. It is, however, a misidentification of the meaning of a probability, which, by its nature, is an encapsulation of partial knowledge, to use as a total probability the probability that would be associated with an event which itself is highly improbable. There really is no point in calculating what an upper bound of a probability might be. The important parameter is to (2) calculate the actual probability of a chance match in a subdivided population. To do this, it is clear that equation (2) with the p and FST figures given is, in itself, inadequate. There are three reasons. Firstly, the value of 0.01 for p and for Pm 1S very low, much lower than would normally be used in forensic work. Secondly, the FST value of 0.05 is absurdly high: 0.01 or 0.02 are much more reasonable values. Finally, the equation assumes that the true criminal and suspect are drawn from the same subpopulation, which may a priori be unlikely. The model must thus be modified to give us realistic probabilities in a subdivided population. Calculation of the likelihood ratio in a subdivided population Let us suppose that the population consists of n subpopulations of equal size, and that we examine the population using k probes. Let us further suppose that, while the probes may detect different levels of heterozygosity, at any locus, all the alleles at a locus have the same (low) frequency. Thus P is the frequency in the population of any allele at locus i. Now we have a scene-of-crime profile, which we assume for simplicity is completely heterozygous, and we have a suspect who matches at all k loci tested. The probability of this happening will depend upon whether the source of the scene-of-crime profile and the suspect come from the 2 ci) in a 0 a' same subpopulation. The probability that they do will be 1/n and the probability that they do not will be (n -1)/n. The probability of a chance match if they are from the same subpopulation, P, will be rather easy to calculate from Nicholls and Balding's formula. It will be p=2k fJ(p;+FsT-pIFsT)2.
If the two individuals are from different subpopulations then note that because the frequency of an allele in a subpopulation in which it is common is (p1 + FST-pIFST), and p is a mean across subpopula- tions (from the way in which it is measured), then the frequency of an allele in a population in which it is rare, which we will call p m will be
This constraint thus requires n to be equal to or bigger than (p+ FsT-p,FsT)/pI. The probability of a chance match at all k loci if the suspect and the source of the scene-of-crime stain are from different subpopulations, d' will be given by 1d2 fJ2
and thus the total probability of a chance match by
As a match is certain if the suspect is the source of the scene-of-crime DNA, the likelihood ratio, which is the probability of the data given that the DNA sources are the same, divided by the probability of the data if the DNA sources are different, will be the reciprocal of the probability of a chance match. Table 1 gives the results of calculating the effects of subdivision as a function of n and FST in three situations, differing in the band frequencies. These results are shown in Fig.  1(a-c) . Firstly, we see the situation in which the four loci have, respectively, band frequencies of 0.02, 0.03, 0.04, and 0.05. In this case a match would produce a likelihood ratio of 43 billion assuming no subdivision, which would be reduced around 300-fold in the FST = 0.05, n =5 case. A 300-fold reduction would seem a large effect, but two things must be noted. Firstly, FST = 0.05 is unreasonably large, and n =5 unreasonably small. More realistic values of FST = 0.02 and n = 10 give only a fivefold reduction in the likelihood ratio. Secondly, 138 million is still a very large likelihood ratio, which would be seen to be definitive in a criminal case.
The most important aspect of the data, however, can be revealed by looking at larger band frequencies.
Equation (3) Throughout this analysis it is assumed that DNA profiles are examined using the concept of a match, in which the divergence in mobility between the suspect and scene-of-crime DNAs is assessed as to whether it falls within some predefined window of mobility differences, with the window size determined by the experimental error. The concept of a match could, however, be avoided, following Evett et at. (1990) , by using a likelihood ratio of the probabilities of the precise degrees of separation between the suspect and sceneof-crime DNAs, in which the numerator is calculated from normal distributions of measurement error, and the denominator from the population distributions of allelic size measurements.
The likelihood ratio thus calculated is a ratio between two very small probabilities, but the calculations outlined here are still of relevance to the denominator. However, my conclusions above the subdivision only significantly reduce the likelihood ratio if the ailelic frequencies are small and thus the likelihood ratio large, is weakened by such an analysis because it is possible that cases exist in which the denominator could be very small and thus subject to a major subdivision effect. The numerator, however, is also very small because the suspect's bands fall some way away from the scene-of-crime profile bands. The likelihood ratio could thus be fairly small but nevertheless affected by population subdivision.
